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SYSTEM AND METHOD FOR WAFER
ALIGNMENT AND CENTERING WITH CCD
CAMERA AND ROBOT

FIELD

The present disclosure relates to substrate processing
systems, and more particularly to systems and methods for
positioning a semiconductor waifer in a substrate processing,
system.

BACKGROUND

The background description provided here 1s for the
purpose of generally presenting the context of the disclo-
sure. Work of the presently named inventors, to the extent it
1s described in this background section, as well as aspects of
the description that may not otherwise qualily as prior art at
the time of filing, are neither expressly nor impliedly admut-
ted as prior art against the present disclosure.

Substrate processing systems may be used to perform
ctching and/or other treatment of substrates such as semi-
conductor waters. Example processes that may be per-
formed on a substrate include, but are not limited to, a
plasma enhanced chemical vapor deposition (PECVD) pro-
cess, a chemically enhanced plasma wvapor deposition
(CEPVD) process, a sputtering physical vapor deposition
(PVD) process, an 1on implantation process, and/or other
ctch (e.g., chemical etch, plasma etch, reactive ion etch,
etc.), deposition, and cleaning processes. A substrate may be
arranged on a substrate support, such as a pedestal 1n a
processing chamber of the substrate processing system. For
example only, during etching, a gas mixture including one or
more precursors 1s introduced into the processing chamber
and plasma 1s struck to etch the substrate.

A load lock (e.g., an inbound or outbound load lock) or
other transier tool may be used to transfer semiconductor
walers from an atmospheric environment to a vacuum
environment (1.e., from outside of the processing chamber
into the processing chamber), or vice versa. The load lock
itself may include a vacuum chamber containing a pedestal.
The water 1s arranged on (and transferred to and from) the
pedestal. For example, the wafer may be transferred from
the pedestal to a plating or other process cell of a processing
chamber 1n the substrate processing system for deposition,

etching, etc. The pedestal lifts the water onto and off of a
robot (e.g., an end eflfector of the robot) used to transter the
waler between the load lock and the process cell.

SUMMARY

A wafer alignment system includes an i1mage capture
module that captures an 1image of a waler positioned on a
robot. An i1mage analysis module analyzes the image to
determine a position of the wafer on the robot. A position
correction module calculates adjustment data based on the
determined position of the waler on the robot. A system
control module controls the robot to at least one of place the
waler and retrieve the water based on the calculated adjust-
ment data and a nominal position of the water on the robot.

A wafer alignment method includes capturing an image of
a waler positioned on a robot, analyzing the image to
determine a position of the waier on the robot, calculating
adjustment data based on the determined position of the
waler on the robot, and controlling the robot to at least one
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2

of place the water and retrieve the water based on the
calculated adjustment data and a nominal position of the
waler on the robot.

Further areas of applicability of the present disclosure will
become apparent from the detailed description, the claims
and the drawings. The detailed description and specific

examples are intended for purposes of illustration only and
are not mtended to limit the scope of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure will become more fully understood
from the detailed description and the accompanying draw-
ings, wherein:

FIG. 1 1s a functional block diagram of an example
substrate processing system according to the principles of
the present disclosure;

FIG. 2 1s a functional block diagram of an example of
substrate processing tool according to the principles of the
present disclosure;

FIG. 3 A illustrates example arrangements of a camera and
load lock according to the principles of the present disclo-
Sure;

FIG. 3B 1s example arrangement of a camera positioned
above a waler according to the principles of the present
disclosure:

FIG. 3C illustrates example reference markings located
on an end eflector of a robot according to the principles of
the present disclosure;

FIG. 3D illustrates example reference markings located
on a load lock according to the principles of the present
disclosure

FIG. 4 1s an example image of a waler and reference
markings captured according to the principles of the present
disclosure:

FIG. 5 illustrates steps of an example wafer alignment
method according to the principles of the present disclosure;
and

FIG. 6 1s a functional block diagram of an example water
alignment system according to the principles of the present
disclosure.

In the drawings, reference numbers may be reused to
identify similar and/or 1dentical elements.

DETAILED DESCRIPTION

A semiconductor water (e.g., a 300 mm waler) 1s posi-
tioned on a pedestal of a load lock to be transferred into and
out of a processing chamber. The wafer 1s aligned on the
pedestal to allow accurate capture and/or transfer of the
waler (e.g., to a process cell) using a robot or other tool.
Alignment of the waler may be achieved using a notch
formed 1n an outer edge of the water. Various types of water
aligners may be used to detect a position of the notch as the
waler 1s rotated. For example, a sensor may detect the notch
as the watler 1s slowly rotated using the chuck. A notch
location and watfer oflset are calculated based on the
detected notch and provided to the robot.

Water alignment systems and methods according to the
principles of the present disclosure implement an 1mage
capture device (e.g., a camera such as a high-resolution
charge-coupled device, or CCD, camera array) arranged
above a path of a waler. The camera captures an image of the
waler being transierred to and/or from a pedestal by a robot.
Although descriptions herein refer to a pedestal of a load
lock, the principles of the present disclosure may be imple-
mented using any water drop-ofl location within a substrate
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processing system. For example, the camera may capture the
image 1n response to (1.e., the camera may be triggered by)
the robot reaching a predetermined position relative to the
pedestal. For example, the captured image may correspond
to a bitmap 1mage. An 1image analysis module analyzes the
captured 1image to determine a position (e.g., position and
orientation, such as a rotational position) of the wafer
relative to the robot (e.g., to an end eflector of the robot). As
used herein, the “position” of the water includes both lateral
displacement of the wafer (e.g., displacement of a center of
the waler) and rotational displacement of the wafer (e.g.,
rotation of the watfer on an axis defined by the center of the
waler).

The determined position may then be compared to a
desired or nominal position of the water. For example, the
robot may include one or more reference markings for
determining the position of the water relative to the robot.
The system may also store nominal position data indicative
of the nominal position (e.g., a position of a previously
captured 1mage of a waler in the nominal position). For
example, a surface of the robot supporting the water may
include a partial outline (e.g., of a perimeter of the water) or
other reference markings indicating the nominal position.
The 1mage analysis module may compare the determined
position of the captured image to the reference markings
and/or the nominal position data to calculate a position
adjustment (1.e., corresponding to a position error, or difler-
ence between the determined position and the nominal
position).

The robot transfers the waler to the pedestal. If the
position adjustment 1s less than a threshold (e.g., an error
threshold), the system may continue directly to a next water
processing step (e.g., transferring the wafer from the ped-
estal to a process cell). If the error 1s greater than the
threshold, the robot 1s controlled to adjust the position of the
waler based on the position adjustment. The position of the
robot (e.g., orientation of the robot relative to the pedestal)
may be adjusted according to the calculated adjustment. For
example, the position of the robot may be adjusted prior to
the robot retrieving the wafer from the pedestal and then
subsequently transferring the waler back to the pedestal,
and/or adjusted subsequent to the robot water retrieving the
waler from the pedestal but prior to transferring the water
back to the pedestal. In other words, the position of the robot
itsell can be adjusted one or both of prior to and subsequent
to retrieving the wafer from the pedestal, according to the
calculated adjustment, so that replacing the water on the
pedestal achieves a desired position. In examples, if the
calculated adjustment 1s above a threshold (e.g., an offset
and/or rotational distance), the robot can be controlled to
retrieve and replace the water multiple times to achieve the
desired position.

Accordingly, the pedestal itself may remain stationary
during the 1mage capture, position determination/measure-
ment, and adjustment, and a pedestal configured to rotate 1s
not required.

Referring now to FIG. 1, an example of a substrate
processing system 100 for performing etching using RF
plasma 1s shown. The substrate processing system 100
includes a processing chamber 102 that encloses other
components of the substrate processing system 100 and
contains the RF plasma. The substrate processing chamber
100 includes an upper electrode 104 and a pedestal 106
including a lower electrode 107. An edge coupling ring 103
1s supported by the pedestal 106 and 1s arranged around the
substrate 108. One or more actuators 105 may be used to
move the edge coupling ring 103. During operation, a
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4

substrate 108 1s arranged on the pedestal 106 between the
upper electrode 104 and the lower electrode 107.

For example only, the upper electrode 104 may include a
showerhead 109 that introduces and distributes process
gases. The showerhead 109 may include a stem portion
including one end connected to a top surface of the process-
ing chamber. A base portion i1s generally cylindrical and
extends radially outwardly from an opposite end of the stem
portion at a location that 1s spaced from the top surface of the
processing chamber. A substrate-facing surface or faceplate
of the base portion of the showerhead includes a plurality of
holes through which process gas or purge gas flows. Alter-
nately, the upper electrode 104 may include a conducting
plate and the process gases may be introduced in another
manner. The lower electrode 107 may be arranged i a
non-conductive pedestal. Alternately, the pedestal 106 may
include an electrostatic chuck that includes a conductive
plate that acts as the lower electrode 107.

An RF generating system 110 generates and outputs an
RF voltage to one of the upper electrode 104 and the lower
clectrode 107. The other one of the upper electrode 104 and
the lower electrode 107 may be DC grounded, AC grounded
or tloating. For example only, the RF generating system 110
may include an RF voltage generator 111 that generates the
RF voltage that 1s fed by a matching and distribution
network 112 to the upper electrode 104 or the lower elec-
trode 107. In other examples, the plasma may be generated
inductively or remotely.

A gas delivery system 130 includes one or more gas
sources 132-1, 132-2, . . . , and 132-N (collectively gas
sources 132), where N 1s an integer greater than zero. The
gas sources supply one or more precursors and mixtures
thereof. The gas sources may also supply purge gas.
Vaporized precursor may also be used. The gas sources 132
are connected by valves 134-1, 134-2, . . . , and 134-N
(collectively valves 134) and mass tlow controllers 136-1,
136-2, . . ., and 136-N (collectively mass tlow controllers
136) to a mamifold 140. An output of the manifold 140 1s fed
to the processing chamber 102. For example only, the output
of the manifold 140 1s fed to the showerhead 109.

A heater 142 may be connected to a heater coil (not
shown) arranged 1n the pedestal 106. The heater 142 may be
used to control a temperature of the pedestal 106 and the
substrate 108. A valve 150 and pump 1352 may be used to
evacuate reactants from the processing chamber 102. A
controller 160 may be used to control components of the
substrate processing system 100. The controller 160 may
also be used to control the actuator 103 to adjust a position
of one or more portions of the edge coupling ring 103.

A robot 170 may be used to deliver substrates onto, and
remove substrates from, the pedestal 106. For example, the
robot 170 may transier substrates between the pedestal 106
and a load lock 172. A camera 174 1s arranged to capture an
image of the substrate being transferred by the robot 170
according to the principles of the present disclosure.

Referring now to FIG. 2, a non-limiting example substrate
processing tool 200 (e.g., as implemented within the sub-
strate processing system 100) includes a transport handling
chamber 220 and multiple reactors each with one or more
substrate processing chambers. A substrate 225 enters the
substrate processing tool 200 from a cassette and/or pod 223,

such as a front opening umfied pod (FOUP). A robot 224
includes one or more end eflectors to handle the substrate
225. A pressure of the transport handling chamber 220 may
be at atmospheric pressure. Alternately, the transport han-
dling chamber 220 may be at vacuum pressure (with ports
acting as slot valves).
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The robot 224 moves the substrates 225 from the cassette
and/or pod to a load lock 230. For example, the substrate 225
enters the load lock 230 through a port 232 (or 1solation
valve) and 1s placed on a load lock pedestal 233. The port
232 to the transport handling chamber 220 closes and the
load lock 230 1s pumped down to an appropriate pressure for
transier. Then a port 234 opens and another robot 236 (also
with one or more end eflectors) 1n a processing handling
chamber 235 places the substrates through one of the ports
237-1, 237-2, 237-3 (collectively ports 237) corresponding
to a selected reactor 240-1, 240-2, and 240-3 (collectively
reactors 240). Although the load lock 230 1s shown having
multiple pedestals and associated ports, 1n examples the load
lock 230 may include only a single pedestal and respective
ports.

A substrate indexing mechamism 242 may be used to
turther position the substrates relative to the substrate pro-
cessing chambers. In some examples, the indexing mecha-
nism 242 includes a spindle 244 and transfer plates 246.

In some examples, at least one of the processing chambers
or stations of the reactors 240 1s capable of performing
semiconductor processing operations, such as a material
deposition or etch, sequentially or simultaneously with the
other stations. In some examples, at least one or more of the
stations may perform RF-based semiconductor processing
operations.

The substrate 1s moved from one station to the next 1n the
reactor 240 using the substrate indexing mechanism 242.
One or more of the stations of the reactors 240 may be
capable of performing, for example only, RF plasma depo-
sition, etching, or other process steps according to the
specific implementation of the substrate process tool 200.
During use, the substrates are moved to one or more of the
reactors 240, processed and then returned. As can be appre-
ciated, reducing the handling time of each substrate
improves productivity and throughput.

The robots 224 and 236 transfer the substrates to and from
the load lock 230 under the guidance of a controller (e.g., the
controller 160 as shown in FIG. 1) according to the prin-
ciples of the present disclosure. In particular, an 1mage
capture device 1s used to capture an 1mage of each substrate
(1.e., waler) to facilitate a determination of the position (e.g.,
alignment) of the water with respect to the robot (e.g., 224
or 236) and, ultimately, the pedestal 233 of the load lock
230. Accurate determination of the position of the water 1n
turn facilitates accurate capture, retrieval and transfer of the
waler (e.g., capture of the wafer by the robot 236 for transier
from the load lock 230 to the reactors 240, capture of the
waler by the robot 224 for transier from the reactors 240 to
the load lock 230, etc.).

Referring now to FIGS. 3A, 3B, 3C, and 3D, an example
portion of a load lock 300 and camera 304 are arranged to
capture an 1mage of a waler 308 being transterred to the load
lock 300 by a robot 312 according to the principles of the
present disclosure. Although the configuration of the load
lock 300 corresponds to the example load lock shown 1n
FIG. 2, the load lock 300 may have other configurations.
FIG. 3 A illustrates the load lock 300 with the camera 304 1n
various example positions 316-1, 316-2, . . . , and 316-n,
referred to collectively as positions 316. Position 316-2
corresponds to a position above the load lock 300 (e.g.,
directly above a pedestal 328 of the load lock 300). Con-
versely, the positions 316-1 and 316-n correspond to posi-
tions adjacent to the load lock 300 or elsewhere in and/or in
the vicinity of the tool 200. For example, the positions 316-1
and 316-n correspond to positions in a path of the robot 312
in transit to and/or in transit from the load lock 300.
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FI1G. 3B illustrates a side view of the load lock 300, the
camera 304, and the water 308 arranged 1n a field of view
320 of the camera 304. FIG. 3C 1llustrates a top down view
of the water 308 arranged on an end etiector 324 of the robot
312 1in ftransit to or from the load lock 300. FIG. 3D
illustrates a top down view of the water 308 arranged on the
end eflector 324 of the robot 312 and positioned over the
load lock 300.

The water 308 1s arranged on the end eflector 324 of the
robot 312 for transfer to a pedestal 328 (e.g., a cool pedestal)
within the load lock 300. The camera 304 1s positioned
above a path of the robot 312 (e.g., with a lens of the camera
304 facing downward) to capture an 1image of the water 308.
For example, the camera 304 captures an 1mage of the wafer
308 indicating a position of the wafer 308 relative to the
robot 312 (e.g., relative to the end efiector 324). In examples
where the camera 304 1s arranged above the load lock 300,
the captured 1mage may also (or alternatively) indicate the
position of the water 308 relative to the load lock 300 or the
pedestal 328.

For example, the end effector 324 and/or the load lock 300
may 1nclude one or more reference markings. Therefore, the
captured 1mage of the water 308 indicates the position of the
waler 308 relative to the reference markings (e.g., both a
translational or lateral position and a rotational orientation),
and, accordingly, relative to the robot 312, the load lock 300,
etc.

Reterring now to FIG. 3C, the end effector 324 includes
example reference markings 332-1, 332-2, and 332-3,
referred to collectively as reference markings 332. For
example only, the reference markings 332 are shown as
circles or dots, but other reference markings may be used
(e.g., “X,” “+,” etc.). As shown, the reference markings 332
are arranged 1n a right triangle as indicated by dashed line
336. Further, the reference markings 332 are at least two
dimensional (1.e., not arranged in a single line) to define a
plane. The plane defined by the reference markings 332 may
be approximately coplanar with or 1n a plane parallel to a
plane defined by the water 308. Although the reference
markings 332 are described herein as markings arranged in
a right triangle, the principles of the present disclosure may
be implemented with other arrangements of reference mark-
ings, such as reference markings 1in any other shape having
known parameters (e.g., size, shape, orientation, relative
angles, etc.). In other words, as long as the parameters of the
particular geometrical arrangement are known, the reference
markings 332 can be used to determine the relative position
of the water 308.

In examples, the end eflector 324 may alternatively or
additionally include reference markings 340. The reference
markings 340 correspond to, for example, a portion of a
perimeter/circumierence of a circle surrounding the water
308. The reference markings 340 may be approximately
coplanar with or in a plane parallel to the plane defined by
the water 308.

Retferring now to FIG. 3D, an embodiment where the
camera 304 1s positioned above the load lock 300 1s shown.
The load lock 300 may include reference markings 344-1,
344-2, and 344-3 (referred to collectively as reference
markings 344) and/or reference markings 348 1n addition to
(or instead of) the reference markings 332 and/or 340
located on the end eflector 324. The reference markings 344
include circles, dots, etc. arranged 1n a right triangle 1n a
manner analogous to the reference markings 332. A plane
defined by the reference markings 344 may be approxi-
mately coplanar with or in a plane parallel to the plane
defined by the water 308. Conversely, the reference mark-
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ings 348 correspond to, for example, a perimeter/circumier-
ence of a circle surrounding the wafer 308. The reference
markings 344 and/or 348 may be approximately coplanar
with or 1n a plane parallel to the plane defined by the water
308.

Accordingly, depending on the position of the camera
304, a captured image of the water 308 also includes the
reference markings 332 and/or the reference markings 340
as shown 1n FIG. 3C or the reference markings 344 and/or
348 as shown in FI1G. 3D. The position of the water 308 can
then be calculated, using the captured 1mage, by comparing,
features of waler 308 1n the captured image with the
reference markings 332, 340, 344, and/or 348 as explained
below 1n further detail.

FIG. 4 shows an example image 400 captured by the
camera 304. The image 400 includes the water 308 within a
field of view 320 of the camera 304. In examples, the wafer
308 may include a notch 408 formed 1n an edge of the water
308. The camera 304 (and/or the controller 160 shown 1n
FIG. 1, or another device or module as described below 1n
more detail) analyzes the captured image 400 to determine
the position of the water 308. For example, the image 400
may also include the reference markings 332. For illustra-
tion purposes, only the reference markings 332 located on
the end effector 324 of FIG. 3C are shown. However, other
examples as described may include the reference markings
340, 344, and/or 348 1n the captured image 400.

The camera 304 analyzes the captured image 400 to
determine the position of the wafer 308 by comparing
teatures of the water 308 to the reference markings 332. For
example, the camera 304 may detect the edge 412 of the
waler 308 proximate the reference markings 332 and deter-
mine the position of the water 308 relative to the reference
markings 332. In examples, the camera 304 may detect the
notch 408 and determine the position of the water 308
turther based on a position of the notch 408 relative to the
reference markings 332. The determined position may
include a translational position (e.g., an offset 1n a lateral
and/or longitudinal direction) relative to the reference mark-
ings 332 and/or an orientation (e.g., a rotational position)
relative to the reference markings 332. For example only, a
nominal position 416 1s indicated for reference.

In examples, the field of view 320 of the camera 304 may
be smaller than the water 308 as illustrated by reduced field
of view 420. However, the reduced field of view 420 still
includes the edge 412 of the water 308, the notch 408, and
the reference markings 332. Accordingly, the camera 304 1s
configured to analyze the captured image 400 to determine
the position of the waler 308 using features captured in the
reduced field of view 420. The robot may also be configured
to rotate the water 308 within the reduced field of view 420.
The camera 304 may capture a sequence of 1images as the
waler 308 1s rotated within the reduced field of view to
capture an entire circumierence of the wafer 308. For
example, 11 the water 308 1s positioned such that the notch
408 1s not located within the reduced field of view 420 (or
an msuflicient portion of the edge 412 1s located within the
reduced field of view 420), rotating the water 308 with the
robot allows the camera 304 to capture the features of the
waler 308 used to determine the position of the water 308.

In examples, the camera 304 analyzes the captured image
400 to determine a feature of the wafer 308 such as a chord
line 424. For example, the camera 304 analyzes the image
400 to locate the edge 412 of the waler 308 and calculates
the position of the chord line 424 based the edge 412. The
camera 304 can then calculate a center position 428 of the
waler 308 using the chord line 424 and a curvature of the
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edge 412. The camera 304 determines the position (trans-
lational and rotational) of the water 308 based on the
calculated center position 428 (and, 1n some 1mplementa-
tions, the notch 408) relative to the reference markings 332.
Although as described in this example the chord line 424 1s
used to determine the center position 428, other features of
the waler 308 may be used instead of or in addition to the
chord line 424 (e.g., tangent lines, a radius and/or diameter
of the water 308, etc.).

The camera 304 may store nominal position data (e.g.,
data based on a position of a previously captured image of
a waler in the nominal position) and analyze the captured
image 400 of the water 308 further based on the nominal
position data. The nominal position data may include cali-
bration data corresponding to a position of the camera 304
relative to the nominal position, including, but not limited to,
a distance of the camera 304 from the nominal position (e.g.,
both a distance above and a lateral distance), an angle of the
camera 304 relative to a plane of a waler 1n the nominal
position, perspective, known parameters of the reference
markings 332 (e.g., distances and angles between the refer-
ence markings), etc. Accordingly, when the camera 304
analyzes the captured image 400, characteristics of an image
including a watfer in the nominal position are considered 1n
addition to the position of the water 308 and the reference
markings 332 to accurately determine the position of the
waler 308 and required adjustments to the position of the
wailer 308.

Further, because the parameters of the particular arrange-
ment of the reference markings 332 are known, 1t 1s not
necessary for an 1mage sensor (e.g., a lens) of the camera
304 to be arranged on a plane that 1s parallel to the plane of
the waler 308. For example, skew (i.e., discrepancies in
perspective, scale, etc. caused by the position of the camera
304 relative to the water 308) 1n the reference markings 332
in the captured image can be compared to the known
parameters of the reference markings 332. The camera 304
can then compensate this skew when calculating the position
of the water 308.

Referring now to FIG. 5, an example wafer alignment
method 500 according to the principles of the present
disclosure begins at 504. The method 500 1s implemented
using various components of FIGS. 1-4 as described below.
At 508, the method 500 determines whether to 1nitiate an
image capture ol a waler. For example, a camera (or other
controller, module, etc.) may receive mnformation indicating
a position of a robot transporting the water to or from a load
lock or other structure. If true, the method 500 continues to
512. If false, the method 500 continues to 508 to again
determine whether to initiate the 1mage capture.

The adjustments are provided to a system control module
624 of the controller 608. Although shown as a single
module, the system control module 624 may represent one
or more modules related to control of a substrate processing
system, such as control of plating robots, control of plating,
cell load positions, etc. For the purposes of the present
example, the system control module 624 controls the robot
to place the waler to and retrieve the water from the load
lock, place the waler on a process cell, etc. The system
control module 624 uses the adjustment data to control the
robot to place the waler on the pedestal, adjust the robot,
retrieve the water, one or more times, until the water is in the
nominal position on the robot as described above 1n FIG. 5.

At 512, the camera captures an image of the wafer
positioned on the robot. At 516, the camera analyzes the
image to determine a position of the water relative to the
robot. For example, the camera detects one or more features




US 9,966,290 B2

9

of the water (e.g., an edge, a notch, a chord line, a center
position, etc.), reference markings on the robot and/or the
load lock, and/or nominal position data corresponding to a
previously captured image of a waler in a nominal position
to determine the position of the wafer.

At 520, the camera determines whether to adjust the
position of the wafer. For example, the camera may deter-
mine whether an adjustment of the wafer 1s necessary. In
examples, the camera determines whether a diflerence
between the position of the wafter and the nominal position
1s greater than one or more thresholds (e.g., a translational
displacement threshold, a rotational displacement threshold,
etc.). If the difference 1s greater than any of the thresholds,
then the camera determines that adjustment 1s necessary and
continues to 524. If the diflerence 1s less than the thresholds,
then the camera may determine that no adjustment 1s nec-
essary and continues to 528 and a next substrate processing
step (e.g., placing the water on the load lock, transferring
waler to a processing chamber, etc.).

At 524, the position of the waler on the robot 1s adjusted.
For example, a position of the robot may be adjusted, based
on the calculated difference between the position of the
waler and the nominal position, prior to and/or subsequent
to placing the water (e.g., to a pedestal of the load lock, etc.).
In one example, the position of the robot 1s adjusted, based
on the position of the wafer relative to the reference mark-
ings, prior to placing the wafer on the pedestal. For example,
a first position of the robot may correspond to a default
approach or position of the robot relative to a destination of
the wafer. In particular, the first position may correspond to
an approach to the destination of the wafer when the wafer
1s 1n the nominal position on the robot. The robot may be
adjusted to a second position oflset from the first position
based on the difference between the actual determined
position of the waler and the nominal position as described
above. Consequently, when the robot places the wafer to the
pedestal from the adjusted second position, the waler may be
placed 1n a nominal position on the pedestal.

In another example, the robot places the water on the
pedestal prior to making any adjustments and then the
position of the robot 1s adjusted, based on the determined
position of the water relative to the reference markings, prior
to retrieving the watfer from the pedestal. In other words, the
waler 1s placed on the pedestal 1n a non-nominal position,
and the robot 1s then adjusted so that when the wafer 1s
retrieved by the robot, the wafer 1s 1n the nominal position
on the robot. The robot then places the waler 1n the nominal
position on the pedestal.

The method 500 may repeat the process of adjusting a
position of the robot, retrieving the water, and returning the
waler to the pedestal to perform further adjustments of the
position of the waler. For example only, the robot may
retrieve the wafer and return to a location corresponding to
the camera to trigger the camera to capture another image of
the waler, and the robot can be controlled to retrieve and
replace the water multiple times to achieve the desired
position. When the watfer 1s in the desired position on the
robot, the watfer 1s placed to the pedestal, process cell, eftc.
at 528. The method ends at 532.

Referring now to FIG. 6, a simplified example wafer
alignment system 600 according to the principles of the
present disclosure 1s shown. The waler alignment system
600 includes a camera 604 and a controller 608 (correspond-
ing to, for example only, the camera 304 and the controller
160). The camera 604 1includes an image capture module 612
and optionally 1includes an 1mage analysis module 616 and
position correction module 620. The image capture module
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612 controls the capture of an 1image of a water positioned
on a robot as described 1n FIGS. 1-5. For example, the image
capture module 612 1s responsive to a command from the
controller 608 to initiate the capture of the image of the
waler when the robot 1s 1n a position corresponding to a
location of the camera (e.g., when the water 1s within a field
of view of the camera).

The 1mage capture module 612 provides the captured
image to the image analysis module 616. As shown, the
image analysis module 616 may be located in the camera
604 and/or the controller 608. The image analysis module
616 analyzes the image to determine the position of the
waler on the robot relative to the reference markings. For
example, the image analysis module 616 locates the refer-
ence markings, an edge of the wafer, and/or a notch i the
edge of the water, calculates positions of various features of
the water (e.g., a chord line, a center position, etc.), and
determines the position of the waler accordingly as
described above i FIGS. 1-5. The image analysis module
616 provides the determined position of the wafler to the
position correction module 620, which calculates corrective
adjustments (1.e., adjustment data) to the position of the
robot based on the determined position (e.g., based on the
determined position and a nominal position). As shown, the
position correction module 620 may be located in the
camera 604 and/or the controller 608.

The adjustments are provided to a system control module
624 of the controller 608. Although shown as a single
module, the system control module 624 may represent one
or more modules related to control of a substrate processing
system, such as control of plating robots, control of plating
cell load positions, etc. For the purposes of the present
example, the system control module 624 controls the robot
to place the wafer to and retrieve the water from the load
lock, place the waler on a process cell, etc. The system
control module 624 uses the adjustment data to control the
robot to place the water on the pedestal, adjust the robot,
retrieve the wafer, one or more times, until the water is in the
nominal position on the robot as described above 1n FIG. 5.

The foregoing description 1s merely 1llustrative in nature
and 1s 1 no way intended to limit the disclosure, its
application, or uses. The broad teachings of the disclosure
can be implemented in a variety of forms. Therefore, while
this disclosure includes particular examples, the true scope
of the disclosure should not be so limited since other
modifications will become apparent upon a study of the
drawings, the specification, and the following claims. As
used herein, the phrase at least one of A, B, and C should be
construed to mean a logical (A OR B OR C), using a
non-exclusive logical OR, and should not be construed to
mean “at least one of A, at least one of B, and at least one
of C.” It should be understood that one or more steps within
a method may be executed in different order (or concur-
rently) without altering the principles of the present disclo-
sure.

In this application, including the definitions below, the
term ‘controller’ may be replaced with the term ‘circuit.” The
term ‘controller’ may refer to, be part of, or include: an
Application Specific Integrated Circuit (ASIC); a digital,
analog, or mixed analog/digital discrete circuit; a digital,
analog, or mixed analog/digital integrated circuit; a combi-
national logic circuit; a field programmable gate array
(FPGA); a processor circuit (shared, dedicated, or group)
that executes code; a memory circuit (shared, dedicated, or
group) that stores code executed by the processor circuit;
other suitable hardware components that provide the
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described functionality; or a combination of some or all of
the above, such as 1n a system-on-chip.

The controller may include one or more 1nterface circuits.
In some examples, the interface circuits may include wired
or wireless interfaces that are connected to a local area
network (LAN), the Internet, a wide area network (WAN),
or combinations thereof. The functionality of any given
controller of the present disclosure may be distributed
among multiple controllers that are connected via interface
circuits. For example, multiple controllers may allow load
balancing. In a further example, a server (also known as
remote, or cloud) controller may accomplish some function-
ality on behalf of a client controller.

The term code, as used above, may include software,
firmware, and/or microcode, and may refer to programs,
routines, functions, classes, data structures, and/or objects.
The term shared processor circuit encompasses a single
processor circuit that executes some or all code from mul-
tiple controllers. The term group processor circuit encom-
passes a processor circuit that, in combination with addi-
tional processor circuits, executes some or all code from one
or more controllers. References to multiple processor cir-
cuits encompass multiple processor circuits on discrete dies,
multiple processor circuits on a single die, multiple cores of
a single processor circuit, multiple threads of a single
processor circuit, or a combination of the above. The term
shared memory circuit encompasses a single memory circuit
that stores some or all code from multiple controllers. The
term group memory circuit encompasses a memory circuit
that, 1n combination with additional memories, stores some
or all code from one or more controllers.

The term memory circuit 1s a subset of the term computer-
readable medium. The term computer-readable medium, as
used herein, does not encompass transitory electrical or
clectromagnetic signals propagating through a medium
(such as on a carrier wave); the term computer-readable
medium may therefore be considered tangible and non-
transitory. Non-limiting examples of a non-transitory, tan-
gible computer-readable medium are nonvolatile memory
circuits (such as a flash memory circuit, an erasable pro-
grammable read-only memory circuit, or a mask read-only
memory circuit), volatile memory circuits (such as a static
random access memory circuit or a dynamic random access
memory circuit), magnetic storage media (such as an analog
or digital magnetic tape or a hard disk drive), and optical
storage media (such as a CD, a DVD, or a Blu-ray Disc).

The apparatuses and methods described 1n this application
may be partially or fully implemented by a special purpose
computer created by configuring a general purpose computer
to execute one or more particular functions embodied in
computer programs. The functional blocks and tflowchart
clements described above serve as software specifications,
which can be translated into the computer programs by the
routine work of a skilled technician or programmer.

The computer programs include processor-executable
instructions that are stored on at least one non-transitory,
tangible computer-readable medium. The computer pro-
grams may also include or rely on stored data. The computer
programs may encompass a basic input/output system
(BIOS) that interacts with hardware of the special purpose
computer, device drivers that interact with particular devices
of the special purpose computer, one or more operating
systems, user applications, background services, back-
ground applications, eftc.

The computer programs may include: (1) descriptive text
to be parsed, such as HTML (hypertext markup language) or
XML (extensible markup language), (11) assembly code, (111)
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object code generated from source code by a compiler, (1v)
source code for execution by an interpreter, (v) source code
for compilation and execution by a just-in-time compiler,
etc. As examples only, source code may be written using
syntax from languages including C, C++, C#, Objective-C,
Haskell, Go, SQL, R, Lisp, Java®, Fortran, Perl, Pascal,
Curl, OCaml, Javascript®, HTML5, Ada, ASP (active server
pages), PHP, Scala, Eiflel, Smalltalk, Erlang, Ruby, Flash®,
Visual Basic®, Lua, and Python®.

None of the elements recited 1n the claims are intended to
be a means-plus-function element within the meaning of 35
U.S.C. § 112(1) unless an element 1s expressly recited using
the phrase “means for,” or in the case of a method claim
using the phrases “operation for” or “step for.”

In some 1implementations, a controller 1s part of a system,
which may be part of the above-described examples. Such
systems can comprise semiconductor processing equipment,
including a processing tool or tools, chamber or chambers,
a platform or platforms for processing, and/or specific
processing components (a waler pedestal, a gas flow system,
etc.). These systems may be integrated with electronics for
controlling their operation before, during, and after process-
ing of a semiconductor water or substrate. The electronics
may be referred to as the “controller,” which may control
various components or subparts of the system or systems.
The controller, depending on the processing requirements
and/or the type of system, may be programmed to control
any of the processes disclosed herein, including the delivery
ol processing gases, temperature settings (e.g., heating and/
or cooling), pressure settings, vacuum settings, power set-
tings, radio frequency (RF) generator settings, RF matching
circuit settings, frequency settings, flow rate settings, fluid
delivery settings, positional and operation settings, wafer
transfers into and out of a tool and other transter tools and/or
load locks connected to or interfaced with a specific system.

Broadly speaking, the controller may be defined as elec-
tronics having various integrated circuits, logic, memory,
and/or software that receive 1nstructions, 1ssue instructions,
control operation, enable cleaning operations, enable end-
point measurements, and the like. The integrated circuits
may include chips in the form of firmware that store program
instructions, digital signal processors (DSPs), chips defined
as application specific integrated circuits (ASICs), and/or
one or more microprocessors, or microcontrollers that
execute program instructions (e.g., soltware). Program
instructions may be instructions communicated to the con-
troller 1n the form of various individual settings (or program
files), defining operational parameters for carrying out a
particular process on or for a semiconductor water or to a
system. The operational parameters may, 1n some examples,
be part of a recipe defined by process engineers to accom-
plish one or more processing steps during the fabrication of
one or more layers, materials, metals, oxides, silicon, silicon
dioxide, surfaces, circuits, and/or dies of a wafer.

The controller, in some implementations, may be a part of
or coupled to a computer that 1s integrated with the system,
coupled to the system, otherwise networked to the system, or
a combination thereof. For example, the controller may be 1n
the “cloud” or all or a part of a fab host computer system,
which can allow for remote access of the waler processing.
The computer may enable remote access to the system to
monitor current progress of fabrication operations, examine
a history of past fabrication operations, examine trends or
performance metrics from a plurality of fabrication opera-
tions, to change parameters of current processing, to set
processing steps to follow a current processing, or to start a
new process. In some examples, a remote computer (e.g. a
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server) can provide process recipes to a system over a
network, which may include a local network or the Internet.
The remote computer may include a user interface that
enables entry or programming of parameters and/or settings,
which are then communicated to the system from the remote
computer. In some examples, the controller recerves mstruc-
tions 1n the form of data, which specily parameters for each
ol the processing steps to be performed during one or more
operations. It should be understood that the parameters may
be specific to the type of process to be performed and the
type of tool that the controller 1s configured to interface with
or control. Thus as described above, the controller may be
distributed, such as by comprising one or more discrete
controllers that are networked together and working towards
a common purpose, such as the processes and controls
described herein. An example of a distributed controller for
such purposes would be one or more integrated circuits on
a chamber 1n communication with one or more integrated
circuits located remotely (such as at the platform level or as
part of a remote computer) that combine to control a process
on the chamber.

Without limitation, example systems may include a
plasma etch chamber or module, a deposition chamber or
module, a spin-rinse chamber or module, a metal plating
chamber or module, a clean chamber or module, a bevel
edge etch chamber or module, a physical vapor deposition
(PVD) chamber or module, a chemical vapor deposition
(CVD) chamber or module, an atomic layer deposition
(ALD) chamber or module, an atomic layer etch (ALE)
chamber or module, an 1on 1implantation chamber or module,
a track chamber or module, and any other semiconductor
processing systems that may be associated or used 1n the
fabrication and/or manufacturing of semiconductor wafers.

As noted above, depending on the process step or steps to
be performed by the tool, the controller might communicate
with one or more of other tool circuits or modules, other tool
components, cluster tools, other tool interfaces, adjacent
tools, neighboring tools, tools located throughout a factory,
a main computer, another controller, or tools used 1n material
transport that bring containers of wafers to and from tool
locations and/or load ports 1n a semiconductor manufactur-
ing factory.

What 1s claimed 1s:

1. A wafer alignment system comprising:

an 1mage capture module that captures an 1mage of a
waler positioned on a robot;

an 1mage analysis module that analyzes the image to
determine a position of the watler on the robot while the
waler 1s positioned on the robot, wherein the deter-
mined position includes both a lateral position of the
waler relative to the robot and a rotational position of
the wafer relative to the robot, and wherein the rota-
tional position of the water corresponds to rotation of
the wafer on an axis defined by a center of the wafer,

wherein the robot includes reference markings for deter-
mining the rotational position of the water relative to
the robot, wherein the reference markings are 1n a
non-linear arrangement on the robot, and wherein the
image analysis module locates the reference markings
and determines the rotational position of the wafer
relative to the robot 1n accordance with (1) parameters
of the non-linear arrangement of the reference mark-
ings and (1) one or more features of the water;

a position correction module that calculates adjustment
data based on the determined position of the waler on
the robot, wherein the adjustment data corresponds to
respective adjustments to the lateral position of the
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water relative to the robot and the rotational position of
the water relative to the robot; and
a system control module that controls the robot to at least
one of place the waler and retrieve the waler based on
the calculated adjustment data and a nominal wafer
position on the robot.
2. The wafer alignment system of claim 1, wherein the
image capture module 1s arranged 1n a location along a path
of the robot from a retrieval location of the waler to a

destination of the wafer.
3. The wafer alignment system of claim 1, wherein the

image capture module 1s located above a pedestal of a load
lock.

4. The water alignment system of claim 1, wherein, to
capture the image of the water, the 1image capture module
captures the image of the water 1n response to an 1indication
that the robot 1s 1n a predetermined position.

5. The wafer alignment system of claim 1, wherein the
reference markings include at least three markings.

6. The waler alignment system of claim S, wherein the at
least three markings are arranged 1n a triangle.

7. The watfer alignment system of claim 1, wherein the
one or more features of the water include at least one of an
edge of the water, a notch formed 1n the edge of the wafer,
and the center of the wafer.

8. The wafer alignment system of claim 1, wherein, to
calculate the adjustment data, the position correction module
calculates the adjustment data further based on the nominal
waler position on the robot.

9. The wafer alignment system of claim 1, wherein the
one or more features of the water include a chord line of the
waler.

10. The water alignment system of claim 1, wherein the
parameters include an angle of the non-linear arrangement
of the reference markings.

11. A watler alignment method comprising:

capturing an image of a watfer positioned on a robot while

the water 1s positioned on the robot;

analyzing the image to determine a position of the water

on the robot, wherein the determined position includes
both a lateral position of the water relative to the robot
and a rotational position of the watfer relative to the
robot, and wherein the rotational position of the wafer
corresponds to rotation of the waiter on an axis defined
by a center of the wafer,

wherein the robot includes reference markings for deter-

mining the rotational position of the water relative to
the robot, wherein the reference markings are in a
non-linear arrangement on the robot, and wherein ana-
lyzing the image includes locating the reference mark-
ings and determining the rotational position of the
waler relative to the robot i1n accordance with (1)
parameters of the non-linear arrangement of the refer-
ence markings and (1) one or more features of the
walfer;

calculating adjustment data based on the determined

position of the wafer on the robot, wherein the adjust-
ment data corresponds to respective adjustments to the
lateral position of the water relative to the robot and the
rotational position of the wafer relative to the robot;
and

controlling the robot to at least one of place the water and

retrieve the water based on the calculated adjustment
data and a nominal wafer position on the robot.

12. The water alignment method of claim 11, wherein
capturing the image of the wafter includes capturing the
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image of the water from a location along a path of the robot
from a retrieval location of the wafer to a destination of the
waler.

13. The water alignment method of claim 11, wherein
capturing the image of the wafer includes capturing the
image of the wafer from a location above a pedestal of a load
lock.

14. The watfer alignment method of claim 11, wherein
capturing the image of the wafter includes capturing the
image of the waler 1n response to an indication that the robot
1s 1n a predetermined position.

15. The water alignment method of claim 11, wherein the
reference markings include at least three markings.

16. The water alignment method of claim 15, wherein the
at least three markings are arranged 1n a triangle.

17. The water alignment method of claim 11, wherein the
one or more features of the water include at least one of an
edge of the water, a notch formed 1n the edge of the wafer,
and the center of the wafer.

18. The watfer alignment method of claim 11, wherein
calculating the adjustment data includes calculating the
adjustment data further based on the nominal wafer position
on the robot.

19. The method of claim 11, wherein the one or more
teatures of the water include a chord line of the wafer.

20. The method of claim 11, wherein the parameters
include an angle of the non-linear arrangement of the
reference markings.
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